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Abstract  
Terrestrial levels of solar UV radiation determine the impact on human health. Ozone depletion and associated 
increases in solar UV radiation reaching the earth’s surface are therefore major environmental issues. The quality 
(spectrum) and quantity (intensity) of terrestrial UV radiation vary with factors including the elevation of the sun 
above the horizon and absorption and scattering by molecules in the atmosphere, notably ozone, and by clouds.  
 
Here we report the measurement of UV radiation in the south of Sinkiang, the northwest part of China, using a 
compact zenith-sky spectrometer in summer 2004. The measurement site, as an area of 1090 meters altitude near 
the planetary boundary layer, has more extreme climatic conditions and air with less anthropogenic pollution. 
The spectral power distribution and the diurnal variation of ambient UV radiation from 290nm to 380nm were 
measured during days of clear sky. The zenith-sky spectrometer consists of a small telescope pointing zenith 
direction with a field of view of 13 mrad, a fibre-coupled compact spectrometer with 0.6 spectral resolution and 
a CCD detector. A filter ( ZWB3 ) was used to block the light above 400nm to reduce stray light. Due to the high 
spectral resolution, the stratospheric O3 slant columns were analyzed from the UV spectra by Differential Optical 
Absorption Spectroscopy methodology at the same time. The compact zenith-sky spectrometer gains in terms of 
field-operability, mobility and flexibility as well as being a cost-effective alternative to the normal zenith-sky 
system with expensive spectrometer and CCD detector. Additionally, the vertical profile of temperature, 
humidity and pressure were measured under 30km height by sounding radio.  
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1. INTRODUCTION 
Ultraviolet (UV) radiation is part of the electromagnetic spectrum. Although solar UV 
radiation constitutes only about 5% of terrestrial sunlight, it holds the greatest interest in the 
biological effects which strongly impact on human health and plant life. Ozone layer acts as 
the protector of the earth by its strong absorption of UV radiation. Therefore ozone depletion 
and associated increases in UV radiation are major environmental issues and attract the 
attention of scientific community and governments [1][2][3][4].  
This paper reports a measurement of UV radiation in the south of Sinkiang in China with a 
compact zenith-sky spectrometer. The preliminary results are discussed, including relative 
UV spectral power distribution, diurnal variation of UV radiation, slant column density of O3 
as well as the vertical profile of temperature, humidity and pressure.  
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 2. MEASUREMENT 
The measurement site locates in the south of Sinkiang with 1090 meters altitude near the 
planetary boundary layer (northwest part of China). It represents the area with more extreme 
climatic conditions and air with less anthropogenic pollution. The measurement was 
performed from June 29th to July 2nd and on July 7th, 2004. During most time period, it was 
sunny with clear sky. 
A schematic diagram of the zenith-sky spectrometer is shown in Figure 1. The system is based 
on a single holographic grating spectrograph, fiber-coupled to a telescope which collects the 
zenith-sky sunlight and a CCD detector. A portable computer was used to collect data from 
the CCD detector with 12 bit A/D. The spectral resolution is 0.68 nm over a wavelength range 
of 290~380 nm. The telescope consisting of one quartz lens and a filter collect the ultraviolet 
light scattered from zenith sky. The field-of view of the telescope is about 13 mrad. A filter 
(ZWB3) is used to blocking visible light above 400nm to reduce the stray light.  
Normally the devices used to measure terrestrial UV radiation consist of complex 
spectrometer (e.g. double monochromator) and diffuser input optics with sufficient accuracy, 
resolution and reproducibility. Our system is very compact and at low cost. Still it can give 
useful information about the variation of UV radiation during daytime as well as measuring 
the stratospheric O3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Schematic diagram of the zenith-sky spectrometer 
3. RESULTS 
3.1 UV radiation 
Figure 1 shows the spectral power distributions of UV radiation from 290 nm to 380nm at 
different daytime. The UV radiation reaches the peak level around noon time 13:00 (21º SZA). 
This can also be clear seen from Figure 2, which shows the diurnal variation of UV radiation 
(integration radiation of 290-380nm) on July 2, 2004. The UV radiation changes very 
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 smoothly except for some small undulations over the smooth trend. This could be caused by 
clouds in the sky. Around 13:00, few clouds appeared in the sky.  
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Figure 2. Spectral power distribution of clear sky, terrestrial UV radiation 
measured in July 2, 2004 
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    Figure 3. Variation of ambient UV radiation from 290-380nm on July 7, 2004 in Sinkiang. 
 
3.2 O3 Slant column density 
 
The measurement technique, which is called differential absorption spectroscopy, is used for 
highly structured NO2 and O3 absorption in UV/Vis spectral range[5][6][7]. During sunrise and 
sunset, the observed scattered sunlight passes through a long slant path, which enhances the 
absorption. The observation was carried out from the morning to the evening (SZA from 21.2 
º to 67.6º). The spectra at 21.2 º SZA (noon time) are used as reference spectra. The ratio of 
zenith sky spectra of noontime and other time is taken to eliminate the Fraunhofer line 
structure and this ratio spectrum gives the effect of absorption of O3 column relative to the 
reference spectrum. The ration is used to determine the SCDs of O3. Figure 4 shows the 
measured spectrum with O3 absorption structures and the O3 differential cross section after 
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 same DOAS data processing procedure (e.g. high pass and low pass filter). We found good 
agreement between them. The SCDs of O3 are calculated by DOAS method. Figure 5 shows 
the SCD of O3 measured on July 7, 2004. 
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Figure 4. Comparison of observed and calculated OD of O3. 
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Figure 5. Measurement of O3 on July 7, 2004. 
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Figure 6. Vertical profile of temperature, pressure and humidity on July 7, 2004. 
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 3.3 Vertical profile of temperature, pressure and humidity 
During the measurement time, vertical profile of temperature, air pressure and humidity was 
obtained by sounding radio, as shown in Figure 6. The top of troposphere is about 17km 
altitude. The humidity reached zero at about 6km altitude. 
 
4. CONCLUSIONS 
A compact zenith-sky spectrometer was used to measure UV radiation and O3 SCDs, both of 
which are very important atmospheric parameters needed long term observation. The 
measurement in Singkiang in summer of 2004 gives relative spectral power distribution and 
diurnal profile of UV radiation as well as the SCDs of O3. The compact device demonstrates 
its gains in speed, cost and portability.  
For the future work, the compact device will be further temperature controlled and calibrated 
for absolute measurement of UV radiation. SCDs of O3 will be combined with air mass factor 
(AMF) calculated from radiative transfer model to obtain the total O3 amount. The accuracy 
of the measurement will be further compared with other instruments (e.g. spectroradiometer 
and Dobson spectrophotometer).  
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